3-Ethyl substituted triterpenoids with a fragmented and 5-membered A ring were synthesized from the lupane ketoxime via the Beckmann reaction and intramolecular oxonitrile cyclization, respectively. Transformations of the triterpenic isopropylidene fragment with the formation of C(30) and C(20) modified derivatives were performed by either allylic C(30) oxidation or ozonolytic cleavage of the C(20)-C(29) double bond. Antitumor activity of the synthesized compounds was evaluated by the 3-(4,5-dimethylthiazol-2-yl)-2,3-diphenyl-tetrazolium bromide test against 7 human cancer cell lines. Methyl (6), and methyl 1-cyano-3-ethyl-2-norlup-1(3),20(29)-dien-30-al-28-oate (9) were selected as compounds with highest cytotoxicity (IC 50 1.38-15.91 μM).
Native and semisynthetic derivatives of betulinic acid with a fragmented, expanded, or contracted A ring are of interest as either structurally original biological active compounds or as synthetic platforms for their preparation. [1] [2] [3] In nature, triterpenic biosynthetic pathways with a 5-membered A ring formation most often are based on cyclizations of the corresponding A-secotriterpenic precursors. 1 The same approach is successfully used in synthetic organic chemistry to obtain A-pentacyclic triterpenoids, including analogs of natural biologically active products. Thus, the synthesis of natural epiceanotic acid with high anti-HIV-1 properties was carried out on the basis of the 2,3-dicarboxy-2,3-secolupane derivative. 4 The Grignard alkylation reaction is successfully used in the chemistry of triterpenoids to modify the C(3) atom of the native ring A and to increase the level of biological properties of the natural metabolite betulinic acid. [5] [6] [7] [8] So, 3-ethynyl derivatives of betulinic acid with significant cytotoxic and anti-inflammatory activities were obtained. 5, 6 Genet et al 7, 8 synthesized a series of betulinic acid derivatives substituted at the C(3) atom by, for example, allyl, methylallyl, cyclopropyl, and aryl radicals via reactions with various Grignard reagents. The C(3) modification of triterpenoids by introducing small substituents was found to lead to the formation of selective TGR5 agonists.
Our group has reported 9-12 that C(3) methyl substitution by Grignard reaction allows the modification of A-seco-and A-pentacyclic triterpenoids and the synthesis of novel biologically active derivatives. Thus, 2,3-seco-18αH-oleanane 3-methyl-3-ketone combining high virus-inhibitory activities against herpes simplex virus type 1 and HIV-1, 9 and 2,3-secolupane α-monobromomethyl ketone with a high antitumor activity 10, 11 were synthesized. Recently, we also described the synthesis of C(3)-ethyl substituted 18-αH-oleanane derivatives with weak cytotoxicity. 12 Therefore, to analyze comparatively reactivity and cytotoxic potential, we synthesized a series of lupane 3-ethyl substituted derivatives with a 2,3-fragmented and 5-membered ring A including products with a modified isopropylidene fragment. 3-(4,5-Dimethylthiazol-2-yl)-2,3-diphenyltetrazolium bromide (MTT) screening for cytotoxic activity, as well as a structure-activity relationship study of the semisynthetic products, were conducted.
3-Ethyl-substituted hydroxyimino ketone 2 was obtained by Grignard reductive alkylation of lupane α-ketoxime 1 with freshly prepared С 2 H 5 MgBr (Scheme 1). Then, Beckmann fragmentation of the C(2)-C(3) bond of compound 2 in the SOCl 2 -CH 2 Cl 2 system resulted in 2,3-secotriterpenic 3-ethyl-3-ketone 3. Introduction of a carbonyl substituent into the isopropylidene fragment of 3-ethyl-3-ketone 3 was carried out via either allylic oxidation by the H 2 SeO 3 -dioxane system with formation of the corresponding C(30) aldehyde 4 or by ozonolytic cleavage of the C(20)-C(29) double bond to 20-methyl-3-ethyldiketone 5. Pyridinium bromide perbromide (C 5 H 6 Br 3 N) was used as a brominating agent for the preparation of α-monobromoethyl ketone 6 on the basis of C(30) aldehyde 4. 10 A possibility was studied of intramolecular nitrile-anionic cyclization of 2,3-secotriterpenic derivatives 3 to 6 under conditions of basic catalysis. When 3-ethyl-3-ketone 3 or 20-methyl-3-ethyldiketone 5 was boiled in a t-BuOK-t-BuOH mixture, reactions proceeded via the oxo-nitrile mechanism with formation of the corresponding A-pentacyclic 3-ethyl α,β-alkenenitriles 8 and 7 with 44% to 45% yields. It should be noted that under the same conditions, both 3-ethyl-3-ketone 4 and α-bromoethyl ketone 6 with a C(30) aldehyde group produced a multicomponent mixture of products that could not be separated by column chromatography (CC). In this regard, the C(30) aldehyde derivative 9 was prepared by direct introduction of the carbonyl moiety into the structure of α,β-alkenenitrile 8. It should be noted that direct ozonolytic cleavage of the C(20)-C(29) double bond of α,β-alkenenitrile 8 did not lead to the formation of the corresponding C(20) methyl ketone 7. As a result of the reaction (from the Thin-layer chromatography (TLC) data), a mixture of highly polar products was formed, as was in the previously described case with C(3) unsubstituted alkenenitrile 10 13 (Figure 1 ).
Cytotoxic screening was conducted and resulted-by the MTT assay with a panel of 7 human tumor cell lines-in the selection of triterpenoids 4, 6, and 9 with high cytotoxic activity (IC 50 1.38-15.91 μM) among the synthesized compounds ( Table 1) .
As seen from Scheme 1, the active compounds contain the C(30) modified isopropylidene fragment in their structure which can act as a typical Michael acceptor in nonspecific interactions with proteins and, probably, reflects their toxicity. 15 At the same time, the sensitivity of HEp-2, HCT 116, and A549 cells exposed to the action of 3-ethyl substituted derivatives 4 Scheme 1. Synthesis of 3-ethyl substituted lupane derivatives with a 2,3-fragmented and 5-membered ring A. and 6 has increased markedly as compared with the 3-methyl substituted analogs 11 and 12 10 (Figure 1 ). Moreover, the cytotoxic effects of 3-ethyl-substituted α,β-alkenenitrile 9 (IC 50 1.38-6.41 μM) in some cases were almost 20-fold higher than those of the 3-methyl substituted analog 13. 10 Thus, the performed study showed that elongation of the C(3) alkyl chain led to a rise in the antitumor level of the semisynthetic triterpenoids with a fragmented and, especially, 5-membered ring A.
Experimental

General
Infrared spectroscopy (IR) spectra of the compounds dissolved in CHCl 3 were recorded on a Bruker 66/S IFS Fourier spectrometer (Bruker, Germany). The 1 H and 13 C Nuclear magnetic resonance (NMR) spectra of the compounds dissolved in CDCl 3 were recorded on a Bruker AVANCE II spectrometer (Bruker BioSpin GmbH, Germany) at 400 and 100 MHz, respectively. Chemical shifts (δ) were expressed in parts per million (ppm) relative to Tetramethylsilane (TMS) as an internal standard. Optical rotation was measured on a Perkin Elmer 341 polarimeter (Perkin Elmer, United States) using sodium D light for CHCl 3 solutions. Mass spectra (MS) of compounds 3 to 5, 8, and 9 were determined on an Agilent 6890N/5975B chromatograph (Agilent Technologies, United States) equipped with a DB-35ms capillary column (4 m × 0.25 mm, 0.25 µm; 70 eV electron impact). Melting points were measured using an OptiMelt MPA100 (Stanford Research Systems, United States) instrument at a heating rate of 1°C/ min. Column chromatography was carried out on a "Macherey-Nagel" (60-200 μm); eluent light petroleum/ethyl acetate. The reactions were monitored by TLC using Sorbfil plates (Russia). The solvents were purified and dried in accord with standard procedures.
Synthesis of Compound (2)
Compound 1 (2.5 mmol) in small portions was added to a solution of freshly prepared C 2 H 5 MgBr (5.0 mmol) in dry Et 2 O (10 mL), and then Tetrahydrofuran (THF) (4 mL), as well as Et 2 O (6 mL), was slowly added dropwise. The reaction mixture was stirred under heating for 1 hour, and then the mixture was cooled to room temperature. Ice water (15 mL), as well as a mix of HCl:H 2 O (1:1, 10 mL), was added dropwise; after that, the resulting mixture was stirred for 1 hour until the precipitate was completely dissolved. The reaction product was extracted with ethyl acetate (3 × 20 mL). The organic layer was separated, washed with a saturated solution of NaHSO 3 , then with 
Synthesis of Compound (3)
Compound 2 (1.1 mmol) was dissolved in anhydrous CH 2 Cl 2 (50 mL) with stirring and treated with SOCl 2 (3.4 mmol). The reaction mixture was then stirred for 30 minutes at room temperature. After completion of the reaction (as indicated by TLC), the solvent was removed under reduced pressure. The residue was washed with CH 2 Cl 2 and then the solvent was evaporated. The procedure was repeated twice. The crude product was purified by silica gel CC (eluent: light petroleum/ ethyl acetate 15:1).
Methyl 1-Cyano-3-Ethyl-3-Oxo-2,3-Seco-2-Norlup-20(29)-en-28-oate (3)
Yield: 54%. 
General Procedure for the Preparation of Compounds 4 and 9
Compound 3 or 8 (3.0 mmol) was dissolved in 30 mL of 1,4-dioxane, whereupon H 2 SeO 3 (9.0 mmol) was added. The reaction mixture was refluxed for 15 minutes. Completeness of the reaction was monitored by TLC. After cooling at room temperature, the precipitated Se was filtered off, and 1,4-dioxane was evaporated. The residue was diluted with water and extracted with ethyl acetate (3 × 20 mL). The combined organic layers were washed consistently with solution of 5% NaHCO 3 and with water, and then dried (MgSO 4 ), filtered, and evaporated to dryness. The residue was subjected to silica gel CC to yield compound 4 (eluent: light petroleum/ethyl acetate 10:1) or 9 (eluent: light petroleum/ethyl acetate 20:1).
Methyl 1-Cyano-3-Ethyl-3-Oxo-2,3-Seco-2-Norlup-20(29)-en-30-al-28-oate (4)
Yield: 30%. 
Synthesis of Compound (5)
A stream of a dry ozone/air mix at atmospheric pressure and at −60°C was bubbled through a solution of compound 3 (1 mmol) in CH 2 Cl 2 (50 mL). After 2 hours, the reaction mixture was warmed to room temperature, and the solvent evaporated under reduced pressure. The residue was subjected to chromatographic purification (eluent: light petroleum/ethyl acetate 7:1) to yield 3-ethyl-20-methyldiketone 5. The course of reaction was monitored and the purity of the compound obtained was checked by TLC. 
Synthesis of Compound (6)
Compound 4 (0.4 mmol) was dissolved in glacial acetic acid (30 mL) and treated with C 5 H 6 Br 3 N (0.4 mmol). The reaction mixture was stirred at room temperature for 6 hours. Completeness of the reaction was observed by TLC analysis. The residue was diluted with water and extracted with ethyl acetate (3 × 20 mL). The organic layer was washed with a solution of 5% NaHCO 3 , water, and then dried over anhydrous MgSO 4 . The solvent was evaporated and the residue fractionated by silica gel CC, eluting with a mixture of light petroleum and ethyl acetate (10:1), to afford bromoderivative 6.
Methyl 3-[1-Bromoethyl]-1-Cyano-3-Oxo-2,3-Seco-2-Norlup-20(29)-en-30-al-28-oate (6)
Yield: 50%. 
General Procedure for the Preparation of Compounds 7 and 8
Compound 3 or 5 (0.4 mmol) was dissolved in t-BuOH (30 mL) in the presence of t-BuOK (1.2 mmol). The mixture was refluxed for 2 hours and then cooled at room temperature. After completion of the reaction (as indicated by TLC), the resulting mixture was diluted with 5% HCl and extracted with ethyl acetate (3 × 20 mL). The combined organic layers were washed with a solution of 5% NaHCO 3 and water, dried (MgSO 4 ), filtered, and evaporated to dryness. The residue was subjected to silica gel CC to yield product 7 (eluent: light petroleum/ethyl acetate 15:1) or 8 (eluent: light petroleum/ethyl acetate 20:1).
Methyl 1-Cyano-3-Ethyl-20-Oxo-2,29-Dinorlup-1(3)-en-28-oate (7)
Yield: 44%. 
